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INTRODUCTION

Endometrial cancer is the most common type of gynecologic cancer in the United States and was
estimated by the American Cancer Society to have been newly diagnosed among 40,000 American
women in the year 2004 and lead to approximately 6500 cancer related deaths (1). Approximately 25%
of all endometrial cancers occur in premenopausal women (2). Major advances in our understanding and
treatment of endometrial cancer have occurred over the past decade, yet the frequency of this cancer in
the general population has not been altered appreciably. Despite the known protective effect of oral
contraceptives, little has been learned regarding the underlying mechanism. We believe that an
understanding of the molecular profiles of endometrial cancers and the molecular events underlying the
protective effect of oral contraceptives against endometrial cancer could facilitate the development of
effective chemopreventives and significantly decrease the incidence of endometrial cancer in women.

BODY

Aim 1: To characterize and compare the molecular profiles of Type I endometrioid endometrial
cancers, which often develop in an estrogen milieu, to that of Type II endometrial cancers. In
addition, we will use microarray to examine the molecular changes in the endometrium associated
with progestin exposure in order to gain insight into the biologic mechanism underlying the
chemopreventive effect of the oral contraceptive pill (OCP).

Project 1: Objectives completed and data previously submitted with 2004 report. Data published this
past year and listed in “Reportable Outcomes”.

Project 2 (Pending): We recently requested a third no cost extension (NCE) for proposal No.
0155012, Award No. DAMD17-02-1-0183 that will involve Walter Reed Army Medical Center,
Wake Forest University, and Evanston Northwestern. Our group has had significant delays in
approval of the human trial outlined in Project 4, Study 1 (“The Chemoprotective Effects of
Progestin on the Endometrial Lining"). We final received approval for HSRRB #A-11191.2b on
3/21/05. Unfortunately, during the interim of protocol review and approval locally and
regionally (between 11/29/01 and 3/21/05), the manufacturer (Wyeth) of the study drug (Ovrette)
had discontinued sales of the drug in the United States. After consideration of multiple options
disclosed in last years NCE, we ultimately located a supplier of the drug and Analytical Research
Laboratory (Oklahoma City, OK) and Northpointe Pharmacy (Oklahoma City, OK) were chosen
as the testing laboratory and formulating pharmacy. Method development of the various
analytical tests was commenced in January 2007 with formulation of active and placebo capsules
beginning at the end of January. Release testing of the finished capsules will begin in May 2007
with stability testing beginning in June 2007. Results from the analytical tests and formulation
process is scheduled to become available starting end of May 2007. At this point, we will have
enough data to submit the IND for FDA approval. Once the IND is approved, the primary and
secondary IRBs will need to acknowledge agreement with the application materials for final
approval. We predict that the randomized placebo controlled trial will be underway by the end
0f 2007 at the latest.



Aim 2: To analyze vaginal and cervical adenocarcinomas, that have arisen in women exposed to
DES in-utero, for methylation and mutation of PTEN and MLH1 in order to determine if estrogen
induces genetic alterations in these tumors characteristic of Type I endometrioid carcinomas.
Although a pilot study aimed at an analysis of MSI in 7 cases from the International DES Registry was
successful with repetitive attempts at DNA amplification, the analysis of the entire set was not
successful presumably secondary to the quality of the DNA which reflects the old age of the specimens
and the various methods that were used in their preservation. Less than 50% of the samples amplified at
any one of the markers making the data inadequate for designation of MSI status. Significant amounts
of material from the Transplacental Registry were used unsuccessfully to complete the work on the
microsatellite instability. Acquisition of additional material to further evaluate alterations in either
mismatch repair genes (causative of MSI) or PTEN was not an option. The inability to pursue this aim
further was previously described in the 2006 annual report.

Aim 3: Using data from the Centers for Disease Control Cancer and Steroid Hormone Study, we
will determine if the protective effect of OCP’s against endometrial cancer are impacted by the
progestin or estrogen potency of OCP formulations.

Objectives completed and data previously submitted with 2004 report. Published manuscript

listed in “Reportable Outcomes”

Aim 4: To test the hypothesis that the oral contraceptives and hormone replacement therapy
progestins provide a chemoprotective effect against endometrial cancer through induction of
apoptosis, PTEN, and TGF-beta in the endometrium.

Epidemiological studies have demonstrated that OCP use lowers the risk of subsequent
endometrial and ovarian cancer. Although the biologic mechanism(s) underlying the protective
effect of OCP’s on the risk of both of these cancers have not been well defined, there is evidence
to suggest that biologic effects related to the progestin component may underlie the cancer
preventive effects of the OCP. Recent studies have reported the progestin-mediated activation
of apoptosis in endometrial cancer cell lines and endometrial hyperplasias. The finding that
progestin activates the apoptosis pathway in endometrial cells raises the possibility that this may
be a major mechanism underlying the therapeutic effect of progestins against endometrial
hyperplasia. Similarly, our group has found that progestins markedly activate both apoptosis and
TGF-beta expression in the ovarian epithelium leading to the hypothesis that progestins may act
as chemopreventives for ovarian cancer. It is interesting that tumors arising from the ovary and
endometrium share common epidemiological risk factors, and that both the endometrium and
ovarian surface epithelium share a common embryological precursor. It is thus plausible that
progestins activate similar molecular pathways relevant to cancer prevention in both of these
organ sites. Recent evidence suggests that expression PTEN appears to be upregulated in the
secretory phase of the menstrual cycle. It is plausible that the chemopreventive effects of OCP’s
are mediated through overexpressed PTEN with resultant suppression of cell cycle progression
and activation of apoptosis in endometrial cells.

* The short-term effects of progestins on apoptosis as well as the expression of PTEN and TGF- in
the endometrium will be evaluated using uterine specimens collected from patients enrolled in a
double-blinded prospective randomized trial. See Aim1, project 2 for explanation of delays in
deliverables and current “no cost extension status”.



* The long term effects of progestins on apoptosis as well as the expression of PTEN and TGE-b in the
endometrium were evaluated using uterine specimens from cynomolgus macaques (80
premenopausal and 130 postmenopausal) previously part of a three-year randomized trial desi gned
to evaluate the effects of the combination oral contraceptive pill and hormone replacement therapy
on reproductive organs.

PREMENOPAUSAL

Statistical analysis of the data involving the premenopausal colony presented with the last
report did not reveal any statistical relationships. We subsequently elected to discontinue
further analysis of these tissue specimens and did not elect to prepare these findings for
publication.

POSTMENOPAUSAL COLONY

Epidemiological, animal, and human data suggest that progestins are potent endometrial
cancer preventive agents. In the ovary, progestins have been hypothesized to confer a cancer
preventive effect via activation of apoptosis and modulation of Transforming Growth Factor-
Beta (TGF-f) in the ovarian surface epithelium. Given that the ovarian epithelium and
endometrium share a common embryologic origin and similar reproductive and hormonal
risk factors for malignancy, we sought to test the hypothesis that progestins confer biologic
effects in the endometrium similar to that shown in the ovary.

Methods:

Postmenopausal female macaques (N=78) were randomized into four groups to receive a diet
for 35 months containing no hormone, versus Premarin (CEE), Provera (MPA), or CEE plus
MPA given in a continuous fashion. At study termination, the endometrium was examined
immunohistochemically for evidence of apoptosis using antibody to activated caspase-3, and
for expression of Ki67 and the TGF-B1, 2, and 3 isoforms.



Results:

Effect of Hormone Treatment on Apoptosis in Endometrium

In general, few apoptotic cells were noted in the endometrium from either the control or
CEE-only-treated monkeys. In contrast, progestin treatment with MPA, either in combination
with CEE or alone was associated with significant increases in apoptosis in both glandular
and stromal cells (Figurel). '
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Figure 1. Representative sections from each of the treatment groups,
immunostained for activated caspase-3 and the TGF-p isoforms.



Percentages of caspase-positive superficial glandular and basal glandular epithelial cells were
3-5 fold higher in CEE+MPA-treated animals compared to all others (p<0.05). In addition,
caspase-3-expressing cells were 6 times more numerous in the superficial stroma of animals
treated with MPA alone, relative to other groups (p<0.0001; Figure 2).
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Figure 2: Cleaved caspase-3 immunostaining expressed as a percentage of cells
counted in glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at
p<0.05



Effect of Hormone Treatment on Proliferation in Endometrium

Expression of the proliferation marker Ki67 was strongly induced in the glandular
epithelium of the functionalis by treatment with CEE. This effect was antagonized by the
addition of MPA to the treatment regimen. For both CEE and CEE+MPA, proliferation
was increased in the stromal compartment of the functionalis. The basalis was relatively
unresponsive, with proliferation not being significantly increased in either the epithelium
or the stroma by any treatment (Figure 3).
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Figure 3. Ki67 immunostaining expressed as percent cells labeled. Asterisks
indicate groups whose means differ from controls at p<0.05
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Effect of Hormone Treatment on Expression of TGF-B

Expression of the TGF-p isoforms varied throughout the endometrium, relative to both
treatment group and location within the endometrium (basalis versus functionalis). In the
endometrial glandular compartment, expression of TGF-B1 was scant in both the
untreated monkeys as well as those receiving MPA alone. In contrast, treatment with
CEE was associated with a marked increase in the expression of TGF-B1 in basal glands
as compared to controls (p=0.009). The addition of MPA to CEE abrogated the CEE-
related increase in TGF-B1 expression by 50% (p=0.039). Stromal expression of TGF-
B1 was absent across all treatments (Figures 1 and 4).
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Figure 4: TGF-B1 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at
p<0.05. In Basal Glands, immunostaining in the CEE and CEE+MPA groups was
greater than controls (p= 0.009 and 0.039, respectively).
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Expression of TGF-B2 was scant in the epithelial compartment, and not affected by
treatment. However, expression of TGF-B2 was markedly increased in the superficial
endometrial stroma of animals treated with CEE+MPA relative to all other groups (p

<0.01; Figures 1 and 5).
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Figure 5: TGF-P2 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at

p<0.05
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For the TGF-B3 isoform, expression in the glandular compartment was variable. MPA-
treated animals had lower superficial glandular TGF-B3 than either controls (p<0.01) or
CEE-treated animals (p=0.004). TGF-B3 was not seen in basal glands of control and
CEE+MPA-treated animals, but was detectable in CEE-treated animals (p<0.005). In
contrast, TGF-B3 expression in superficial stroma was markedly elevated in CEE+MPA
treated animals, differing from all other groups ( p <0.0001; Figures 1 and 6). Among
CEE+MPA-treated animals, those lacking TGF-B3 in the superficial stroma had the
greatest amount of superficial glandular Ki67 expression (p=0.032). Among controls,
those animals expressing the highest score for TGF-B2 in the superficial stroma had
higher levels of superficial glandular Ki67 expression (p = 0.02).

- Superficial Glands - Superficial Stroma
2 24
g ] g 7
[=] o ] %
3 1.5 ke LST T
g 14 5 T :E 14 =
s ; 2 S =
0.5 * ’J;r[ 0.5 }
0 1 T T T T 0- T 1+|| T U
Ctl CEE MPA CEE+MPA Ctl CEE MPA CEE+MPA
Basal Glands Basal Stroma
2.5 2.5+
- 2_’- no significant differences
- g
3 155 3157
§ 1 g 17
> 054 x 0.5
0 : T T T e 0 - T T T '_‘]E'_
ctl CEE MPA CEE+MPA Ctl CEE MPA CEE+MPA

Figure 6: TGF-B3 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at
p<0.05. In Superficial Glands, immunostaining in the MPA group was
significantly lower than both control and CEE.
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CONCLUSION: Progestin treatment activates chemopreventive biologic effects in the
endometrium that are similar to those in the ovarian surface epithelium. These data may
facilitate identification of a chemopreventive approach that dramati cally lessens the risk of
both uterine and ovarian cancer.

KEY RESEARCH ACCOMPLISHMENTS

e Aim 1: Identified genes that are differentially expressed between endometrioid and papillary serous
endometrial carcinoma and determined that histology can be predicted on the basis of gene
expression in approximately 90% of cases. Identified additional genes that are differentially
expressed in endometrial cancer vs. normal endometria. Confirmed that microsatellite stable
endometrial cancers have unique gene expression profiles compared to those with microsatellite
instability

* Aim3: Established that progestin containing oral contraceptives (OCs) are associated with a
decreased endometrial cancer risk and that higher progestin- potency OCs may be more protective
than lower progestin potency OCs among women with a larger body habitus.

e Aim 4: Completed analysis of apoptosis and TGF using endometrium specimens from macaques
exposed to various hormonal regimens and found evidence to explain the chemoprotective effects of
progestin on the post-menopausal endometrial lining

REPORTABLE OUTCOMES (since last report)

* Rodriguez GC, Rimel BJ, Watkin W, Turbov J, Barry C, Maxwell GL, Cline JM:
Progestin Treatment Induces Apoptosis and Modulates TGF-B in the Uterine

Endometrium. Plenary presentation at the annual Society of Gynecologic Oncology,
San Diego 2007. Manuscript attached and being submitted for publication

CONCLUSIONS

Different histological types of cancer have genomic expression patterns that reflect unique pathways of
carcinogenesis. Likewise, cancers characterized by microsatellite instability result in the expression of
genes most likely to be affected by alterations in mismatch repair. As we improve our understanding of
the alterations that accompany endometrial carcinogenesis, it is likely that future chemopreventives may
be developed for several types of endometrial cancer, each of which develops by specific pathways. In
regards to contemporary chemopreventive options, an analysis of data from the CDC CASH database
has suggested that a greater protective effect against endometrial cancer may be associated with high
progestin potency OCs, particularly in patients with a larger body habitus. Hi gher potency progestin
containing OCs should be considered in forthcoming endometrial cancer prevention trials particularly if
other studies suggest a greater risk reduction associated with heavier women that are at hi ghest risk for
endometrial cancer. Using a macaque model, we have determined that the mechanisms behind the
chemoprotective effects of progestin containing hormonal regimens in post-menopausal patients appear
to be in part related to induction of apoptosis. We look forward to evaluation of the short term effects of



14

progestin containing hormonal formulations in our clinical trial evaluating the short term effects of
progestin on the endometrium lining using both a targeted analysis of apoptosis as well as an assessment
of global gene expression using oligonucleotide microarray.

REFERENCES

1. Jemal A, Tiwari RC, Murray T, Ghafoor A, Samuels A, Ward E, Feuer EJ, Thun MJ: Cancer
statistics, 2004. CA Cancer J Clin 2004;54:8-29.

2. Gallup DG, Stock RJ: Adenocarcinoma of the endometrium in women 40 years of age or younger.
Obstet Gynecol 1984;64:417



Progestin Treatment Induces Apoptosis and
Modulates TGF-$ in the Uterine Endometrium

Rodriguez GC', Rimel BI', Watkin W?, Turbov J', Barry C', Maxwell GL’,
Cline JM*

1) Division of Gynecologic Oncology, Evanston Northwestern Healthcare,
Feinberg School of Medicine, Northwestern University
2) Division of Pathology, Evanston Northwestern Healthcare, Feinberg School of
Medicine, Northwestern University
3) Gynecologic Disease Center and the U.S. Military Cancer Institute,
Walter Reed Army Medical Center
4) Department of Pathology/ Section on Comparative Medicine, Wake
Forest University School of Medicine

Supported by: Department of Defense Grant DAMD17-02-1-01 83; Grants HL-490852

and HL-45666, National Heart, Lung and Blood Institute, National Institutes of Health,
Bethesda, MD; generous support from the Hertel-Satter Foundation, Bear’s Care, and

Denyse King.

Corresponding Author: Gustavo Rodriguez, Suite 1507, Walgreen Building,
Evanston Northwestern Healthcare, 2650 Ridge Avenue, Evanston, 11, 60201

Phone: 847-570-2164

Fax: 847-733-5398

E-mail: grodriguez@enh.org

Reprint requests: Gustavo Rodriguez, Division of Gynecologic Oncology, Suite 1507,
Walgreen Building, 2650 Ridge Avenue, Evanston Northwestern Healthcare, Evanston
Illlinois, 60201



Abstract

OBJECTIVE: Epidemiological, animal, and human data suggest that progestins
are potent endometrial cancer preventive agents. In the ovary, progestins have been
hypothesized to confer a cancer preventive effect via activation of apoptosis and
modulation of Transforming Growth Factor-Beta (TGF-B) in the ovarian surface
epithelium. Given that the ovarian epithelium and endometrium share a common
embryologic origin and similar reproductive and hormonal risk factors for
malignancy, we sought to test the hypothesis that progestins confer biologic effects in
the endometrium similar to that shown in the ovary.

METHODS: Postmenopausal female macaques (N=78) were randomized into four
groups to receive a diet for 35 months containing no hormone, versus Premarin (CEE),
Provera (MPA), or CEE plus MPA given in a continuous fashion. At study termination,
the endometrium was examined immunohistochemically for evidence of apoptosis using
antibody to activated caspase-3, and for expression of Ki67 and the TGF-B1, 2, and 3
1soforms.

RESULTS: Percentages of caspase-positive sﬁperﬁcial glandular and basal glandular
epithelial cells were 3-5 fold higher in CEE+MPA-treated animals compared to all others
(p<0.05). Caspase expressing cells were 6 times more numerous in the superficial stroma
of animals treated with MPA alone, relative to other groups (p<0.0001). Induction of

superficial glandular cell apoptosis in the CEE+MPA-treated group was associated with a



dramatic increase in expression/production of TGF-B2 and TGF-B3 in the stromal
compartment of the endometrium functionalis (P< 0.001).

CONCLUSION: Progestin treatment activates chemopreventive biologic effects in the
endometrium that are similar to those in the ovarian surface epithelium. These data may
facilitate identification of a chemopreventive approach that dramatically lessens the risk

of both uterine and ovarian cancer.



Introduction

Approximately 150,000 new cases of endometrial cancer are diagnosed every
year worldwide, making endometrial cancer the fifth leading cancer in women globally.
In the United States it is estimated that 41,200 new cases of endometrial cancer will be
diagnosed in 2006. (1,2) A number of risk factors for endometrial cancer have been
identified including nulliparity, early menarche, late menopause, high body mass index,
and the administration of unopposed estrogen for the treatment of climacteric symptoms.
(3-9)

In the past, endometrial cancer has not garnered as much attention as ovarian
cancer. This may be secondary to the better overall prognosis of endometrial cancer, as
the majority of women diagnosed with endometrial cancer are cured. Yet, stage for stage,
survival rates for women -with endometrial cancer are similar to those for ovarian cancer.
(1) In addition, highly effective treatments for advanced stage endometrial cancer are
lacking. With an aging and increasingly obese population in the U.S., the incidence and
mortality from endometrial cancer is likely to become a worsening public health problem
thereby providing a strong rationale for the development of effective methods to prevent
the disease. (10)

A strong body of evidence suggests that progestins are highly effective
endometrial cancer preventive agents. In premenopausal women, use of oral

contraceptives (OCs) that contain both an estrogen and a progestin significantly lowers



subsequent endometrial cancer risk. Use of OCs for a period of at least 12 months confers
as much as a 30-50% reduced risk of endometrial cancer, a protective effect which lasts
for 10-20 years. (11-15) In addition, progestin-potent OCs appear to have enhanced
endometrial cancer protective effects compared to OCs containing weak progestins (16-
17), and use of progestin-releasing intrauterine devices which release potent dosages of
progestins locally in the endometrial cavity leads to marked reduction in endometrial
cancer risk. (18, 19) In menopausal women, the addition of a progestin to estrogen
replacement therapy decreases the risk of precancerous endometrial hyperplasias and
abrogates the cancer-causing effect of exogenous estrogen (4, 9), suggesting that
progestins have a chemopreventive biologic effect on the endometrium. Finally, high-
dose progestin therapy has been shown to reverse preexisting PTEN-inactivated
endometrial latent precursors, as well as endometrial hyperplasias and even low grade
endometrial cancers in some women. (20-22)

The biologic mechanism(s) that underlie the chemopreventive effect of progestins
on the endometrium have not been well characterized. In the ovary, progestins have been
shown to induce programmed cell death and differentially regulate Transforming Growth
Factor-Beta (TGF-) in the ovarian surface epithelium, leading to the hypothesis that
progestin-mediated biologic effects lead to the arrest or reversal of carcinogenesis via
clearance of genetically damaged ovarian epithelial cells. This biologic mechanism may
explain the marked reduction in ovarian cancer risk associated with OC use. (23) Itis
interesting that cancers arising from the ovary and endometrium share common
epidemiological risk factors, including marked risk reduction associated with use of OCs

(24-35), and that both the endometrium and ovarian surface epithelium share a common



embryological precursor. (36) It is thus plausible that progestins activate similar
molecular pathways relevant to cancer prevention in both of these organ sites. To test
this hypothesis, we examined the endometria of primates treated with hormonal
interventions including progestin for evidence of induction of apoptosis and for

regulation of expression of the TGF-J isoforms.

Materials and Methods

Animals!RandbmizatiOn

For this study, we used 78 female adult cynomolgus macaques (Macaca
fascicularis), with an average age of 7.5 years at the study’s end. The cynomolgus
macaque is an excellent animal model for yielding experimental results that are pertinent
to human reproductive biology. This nonhuman primate has a 28-day menstrual cycle
that is similar to that of humans. (38-40) The study was a prospective, randomized,
controlled trial designed for the primary endpoint of evaluating the effects of post
menopausal estrogens and progestins on the on the cardiovascular system, breast, and
reproductive tracts. The macaques previously had undergone bilateral oophorectomy
three months prior to commencement of the study. The study was approved by the
Animal Care and Use Committee at the Wake Forest University School of Medicine,
Winston-Salem, NC.

The macaques were randomly assigned to receive one of four hormonal
interventions for three years; control (n= 19), Premarin (CEE) (n=24) [Wyeth Ayerst, St.

Davids, PA], Provera (MPA) (n=18), [Wyeth Ayerst, St. Davids, PA], and CEE and



MPA combined (n= 17). Test compounds were administered in the diet, at human
equivalent doses on a caloric basis to 0.625 mg/woman/day for CEE, and 2.5
mg/woman/day for MPA. The duration of treatment was 36 months. The base diet was
modeled on a typical moderately atherogenic North American diet (40% of calories from
fat, and 0.2 mg/kcal cholesterol). Doses were scaled on the basis of caloric intake, which
takes into account species differences in metabolic rate; this is the generally accepted
way to achieve dosages comparable to those in women. This regimen was given on a
continuous basis until the end of the study. At the conclusion of the trial, animals were
humanely euthanized by sedation with ketamine (10 mg/kg) and administration of 100
mg/kg pentobarbital intravenously. Complete necropsy examinations were performed

including examination of multiple organ systems, as reported previously. (41)

Tissue Preparation and Immunohistochemistry

From each animal in the study, the uterus was fixed in 4% formaldehyde for 24
hours and then stored at 4 degrees Celsius in 70% ethanol. Thereafter, uterine sections

were trimmed to 3 mm thickness, and embedded in paraffin.

Immunostaining: Briefly, Sum full sections through the uterine wall (endometrium to the
serosa) were mounted on charged slides, and tissues were immunostained using our
previously published methods. (23, 42) Antigen retrieval with heat and citrate buffer (pH
6.0) was used for all antibodies. Appropriate quenching procedures (heat treatment and
peroxidase treatment) were used to remove endogenous enzymatic activity. Staining for

apoptosis was done using a monoclonal antibody to cleaved caspase-3 (2 pg/mL, Cell-



Signaling Technology, Beverly, Mass); sections of benign macaque early menstrual
phase endometrium were used as a positive control. Staining for TGF-B isoforms was
done using antibodies specific for TGF-B1 ( 0.67 pg/mL anti- TGF-B1 antibody catalog
#SC-146, Santa Cruz Biotechnology, Santa Cruz, CA.), TGF-B2 (4ug/ml anti- TGF-p2
antibody, catalog #SC-90 Santa Cruz Biotechnology, Santa Cruz, CA), and TGF-B3 (0.25
ug/mL anti TGF-B3 antibody, catalog # SC-83, Santa Cruz Biotechnology, Santa Cruz,
CA). For TGF-§ staining, normal human umbilical cord was used as a positive control.
Staining for proliferating cells was done using a monoclonal antibody to Ki67 (1.25
ug/mL clone MMI, Novocastra Laboratories, Newcastle-Upon-Tyne, UK). For caspase
and Ki67 staining, the enzyme detection system used alkaline phosphatase and the
chromogen used was Vector Red (Vector Laboratories, Burlingame, CA); for TGF-f
staining, the enzyme system used was peroxidase and the chromogen was
diaminobenzidine (Dako Carpinteria, CA). Sections were counterstained with Mayer’s

hematoxylin.

Caspase and Ki67-stained cells were quantified by counting the percentages of
stained and unstained cells in sections by an observer blinded to treatments. The
percentages of immunopositive uterine glandular cells as well as stromal cells in both the
basalis and functionalis were quantitated. TGF-p staining was also assessed in glands and
stroma of the functionalis and basalis. Staining was graded for each cell type and
endometrial location as 0 (unstained) to 3+ (heavily stained) by three reviewers,
including a veterinary pathologist (JMC). All observers were again blinded to treatment.

Statistical Analysis




Both the percentage of caspase-3-expressing cells and the semiquantitative
assessments of immunostaining for TGF-p isoforms were analyzed for treatment group as
continuous variables using analysis of variance and a 2-tailed significance level of 0.05.
Semiquantitative measures were also analyzed as ordinal data (analysis not shown).
Pairwise t-tests were used to identify specific group differences if the overall analysis of
variance showed significance. Within-group correlation analysis was done using Pearson

correlation coefficients to identify associations between dependent variables.

Results

Effect of Hormone Treatment on Apoptosis in Endometrium
In general, few apoptotic cells were noted in the endometrium from either the

control or CEE-only-treated monkeys. In contrast, progestin treatment with MPA, either
in combination with CEE or alone was associated with significant increases in apoptosis
in both glandular and stromal cells (Figurel). Percentages of caspase-positive superficial
glandular and basal glandular epithelial cells were 3-5 fold higher in CEE+MPA-treated
animals compared to all others (p<0.05). In addition, caspase-3-expressing cells were 6
times more numerous in the superficial stroma of animals treated with MPA alone,

relative to other groups (p<0.0001; Figure 2).

Effect of Hormone Treatment on Proliferation in Endometrium

Expression of the proliferation marker Ki67 was strongly induced in the glandular
epithelium of the functionalis by treatment with CEE. This effect was antagonized by the
addition of MPA to the treatment regimen. For both CEE and CEE+MPA, proliferation

was increased in the stromal compartment of the functionalis. The basalis was rel atively



unresponsive, with proliferation not being significantly increased in either the epithelium

or the stroma by any treatment (Figure 3).

Effect of Hormone Treatment on Expression of TGF-B

Expression of the TGF-p isoforms varied throughout the endometrium, relative to
both treatment group and location within the endometrium (basalis versus functionalis).
In the endometrial glandular compartment, expression of TGF-B1 was scant in both the
untreated monkeys as well as those receiving MPA alone. In contrast, treatment with
CEE was associated with a marked increase in the expression of TGF-B1 in basal glands
as compared to controls (p=0.009). The addition of MPA to CEE abrogated the CEE-
related increase in TGF-B1 expression by 50% (p= 0.039). Stromal expression of TGF-
P1 was absent across all treatments (Figures 1 and 4).

Expression of TGF-B2 was scant in the epithelial compartment, and not affected by
treatment. However, expression of TGF-B2 was markedly increased in the superficial
endometrial stroma of animals treated with CEE+MPA relative to all other groups (p
<0.01; Figures 1 and 5). For the TGF-B3 isoform, expression in the glandular
compartment was variable. MPA-treated animals had lower superficial glandular TGF-
B3 than either controls (p<0.01) or CEE-treated animals (p=0.004). TGF-B3 was not seen
in basal glands of control and CEE+MPA-treated animals, but was detectable in CEE-
treated animals (p<0.005). In contrast, TGF-B3 expression in superficial stroma was
markedly elevated in CEE+MPA treated animals, differing from all other groups (p
<0.0001; Figures 1 and 6). Among CEE+MPA-treated animals, those lacking TGF-B3 in
the superficial stroma had the greatest amount of superficial glandular Ki67 expression

(p=0.032). Among controls, those animals expressing the highest score for TGF-2 in



the superficial stroma had higher levels of superficial glandular Ki67 expression p=

0.02).

Discussion

In this study, we have characterized the complex opposing effects of estro gen and
progestin on proliferation, apoptosis and TGF-B signaling in the uterine endometrium. In
an ovariectomized menopausal primate model, we demonstrate that estro gen induces
proliferation in superficial glands and increases expression of the TGF-B1 and TGF-B3
isoforms in basal glands, while having no impact on apoptosis. In contrast, progestin
inhibits proliferation and differentially regulates expression of TGF-B, causing a decrease
in expression of TGF-B3 in the superficial endometrial glands, while dramati cally
increasing expression of the TGF-B2 and TGF-B3 isoforms in the superficial stroma. In
addition, progestin abrogated the estrogen-related increase in glandular expression of
TGF-p3, and markedly induced apoptosis in both endometrial glands and superficial
stroma. Areas of marked apoptosis in both endometrial glands and superficial stroma
associated with progestin treatment occurred concurrently with marked increased
expression of TGF-B2 and TGF-B3 in the superficial stroma, suggesting that these two
biologic events may be related. Finally, progestin-mediated apoptotic effects in
endometrial glands occurred only in the presence of estrogen, suggesting the requirement
for estrogen priming, whereas estrogen was not required for progestin to induce marked
apoptotic effects in the superficial endometrial stroma.

Overall, our findings are consistent with published data regarding the effect of

progestins on apoptosis and TGF- signaling in the endometrium. Progestins have been



shown to induce apoptosis in endometrial glands and stroma, an effect that is modulated
by a number of well known apoptosis-related proteins. (22, 43-48) In the mouse, an
increase in the Bax/BCL-2 ratio and associated increase in apoptosis has been shown in
endometrial stromal cells in response to progestins, suggesting that progestin-mediated
apoptotic effects contribute to the remodeling changes in the uterus associated with
decidualization. (44) In women, upregulation of Fas/FasL expression has been shown in
endometrial cells in response to progestins, and conversely dysregulation of Fas/FasL
expression in hyperplastic endometrium may underlie failure to respond to progestin
therapy. (46) In addition, progestins have been shown to increase the Bax/Bcl-2 ratio and
induce apoptosis in vivo in women undergoing treatment for endometrial hyperplasia.
Moreover, changes in BAX, BCL-2 and apoptosis have been shown to be correlated with
the potency of progestin therapy, and in turn with the likelihood of response to therapy.
(22). Thus, activation of apoptosis may be an important mechanism underlying the
chemopreventive effects of progestins in the endometrium. With regard to TGF-B, both
TGF-B2 and TGF-B3 have been shown to be increased in the endometrium during the
secretory phase or in response to progestins in vivo, (49-52) whereas expression of TGF-
B1 was unchanged. (49) Similarly, in the primate endometrium in response to MPA, we
found overall levels of TGF-B2 and TGF-B3 to be dramatically increased, without a
significant effect on TGF-p1.

Our findings in the endometrium bear remarkable similarities to what we
described previously in the ovary. Previously, we have shown that progestin induces
apoptosis and differentially regulates expression of TGF-B in the ovarian surface

epithelium. (23) We observed a four-fold increase in apoptosis in the ovarian epithelium



in primates treated with the progestin levonorgestrel. This was associated with a
significant increase in expression in the ovarian epithelium (OSE) of the TGF-B2 and 3
isoforms and a decrease in expression of TGF-B1. In the endometrium, our findings were
similar except for the absence of an impact of progestin on TGF-B1 expression, althou gh
the addition of MPA to CEE appeared to lessen the degree of CEE-related induction of
TGF-B1, a trend similar to our prior findings in the ovarian surface epithelium. In
addition, in the OSE, changes in expression of TGF-B were localized specifically in the
OSE, whereas the predominant change in expression of TGF-B in the endometrium is
primarily in the superficial stroma. Thus, in the ovary, local chan ges in expression of the
TGF-B isoforms may have an autocrine and paracrine effect on the OSE, whereas in the
endometrium, stromal changes in expression of TGF-B may have an autocrine effect in
stromal cells, and a paracrine effect in adjacent glandular cells. In addition, in the OSE,
increases in expression of TGF-B2 and 3 were noted with progestin administered alone,
whereas in the endometrium induction of expression of these two isoforms in the
superficial stroma by progestin required the presence of estrogen. Thus, it is possible that
optimal response to progestin in the endometrium requires estrogen priming, whereas this
is not a necessary prerequisite in the OSE. Conversely, it is possible that estrogen priming
1s necessary for optimization of progestin effects on TGF-B in both sites. Our earlier
study evaluating progestin in the OSE used pre-menopausal monkeys who had not
undergone ovariectomy and thus received progestin in the setting of an adequate
endogenous estrogenic milieu. Alternatively, the differences noted between the two
studies may have been related to differences in the progestins used, in that the prior study

used the gonane progestin levonorgestrel, in contrast to the pregnane progestin MPA used



in the current study. Nonetheless, the finding that progestins have similar biologic effects
in the OSE and endometrium suggests a common biologic mechanism that may underlie
the cancer preventive effect of progestins at both sites.

There is mounting evidence that differential regulation of peptide growth factors
by steroid hormones contributes to the diverse end effects of these hormones in target
tissues. Among the growth factors, TGF-P has been shown to be differentially regulated
by estrogens, retinoids, androgens, and vitamin D compounds. In bone, raloxifene
increases the expression of
TGF-B3 while having no effect on the expression of TGF-B 1 and TGE-B2. (53) In cells
derived from the breast, estradiol decreases the expression of TGF-B2 and TGF-B3 while
having
no effect on the expression of TGF-B1 (54), whereas tamoxifen has been shown to
increase the expression of TGF-B1. (55) In chondrocytes, vitamin D increases the
expression of TGF-2
and decreases the expression of TGF-B1 and TGF-3. (56) Glucocorticoids differentially
regulate TGF-B in healing wounds, leading to the suppression of TGF-B1 and TGF-B2
and the increased expression of TGF-B3. (57) In the palates of mice, retinoids have been
shown to decrease the expression of TGF-B1 while having no effect on the expression of
other TGF-B isoforms (58), whereas in keratinocytes, induction of TGF-B2 is a major
mechanism underlying the biologic effects of retinoids. (59,60) Finally, in the male
accessory organs, androgen withdrawal is associated with both apoptosis and differential
regulation of TGF-B. (61) Thus, the TGF-B isotypes appear to be differentially regulated

in a tissue-specific manner. Although the



mechanism underlying the complex regulation of TGF-B by hormones is not completely
understood, differences in the promoter region among the TGF-B isoforms or in post-
transcriptional events may be means by which TGF-p is differentially regulated. (62-65)

The design of our study does not allow us to prove a causal relationship between
changes in TGF-p expression and apoptosis in endometrial glands and stroma. However,
it is possible that the two are related. Among the growth factors, TGF -B has been
implicated as an important regulator of apoptosis. (66-68) In addition, in cells derived
from the ovarian and uterine epithelium, TGF-B has been shown to induce apoptosis. (69-
72) Furthermore, in hormone sensitive tissues such as the breast and prostate, TGF- has
been shown to mediate the apoptotic effects of steroid hormones, including the
antiestrogens, retinoids, and vitamin D. (73-84) Finally, TGF-B is related to miillerian
inhibitory factor (MIF), a peptide that causes complete apoptotic regression of the
miillerian system (the precursor to the uterus, fallopian tubes, and upper vagina) in the
developing male embryo in vivo, (85-88) as which has been shown to inhibit growth and
induce apoptosis in vitro in cells derived from the ovarian and uterine epithelium. (89-
93) Given the marked inhibitory effect that the members of the TGF-p family have on the
miillerian system, it is interesting to speculate that the uterine endometrium may be
uniquely susceptible in vivo to undergoing apoptosis in response to TGF-B and that
agents that selectively regulate TGF-B in the endometrium may be potent apoptosis-
inducing agents and cancer preventive agents.

A growing body of laboratory and in vivo evidence has implicated TGF-p as a
potent tumor suppressor and cancer preventive agent. (94-99) Transgenic mice that have

a constitutively active form of TGF-B1 are resistant to 7,12-dimethylbenz[a]anthracene-



induced mammary tumors (100). Conversely, mice with heterozygous deletions of one
copy of the

TGF-f gene have an increased susceptibility to chemical carcinogenesis (101). In
humans, mutations have been described in the TGF- signaling pathway in a variety of
tumors, including

cancers of the colon, gastric, pancreatic, and uterine tissues, and cancers of lymphoid
organs. (97, 102-106) Furthermore, a number of cellular oncogenes are known to inhibit
TGF-B activity. Finally, TGF-B has been implicated as a mediator of the biologic effects
of a number of chemopreventive agents, including tamoxifen, which induces expression
of TGF-B1 in stromal

cells in the breast (54), as well as retinoids, which induce TGF-p in the prostate and
respiratory tract. (96) Taken together, these data provide compelling evidence that TGF-p
plays an important role as an inhibitor of carcinogenesis and that agents which exploit
this pathway may have utility for the chemoprevention of cancer.

Similarly, the apoptosis pathway also holds great promise as a target for
chemoprevention. Activation of apoptosis leads to the efficient disposal of cells that have
undergone irreparable genetic damage and which are prone to neoplastic transformation.
(107) It is thus a key molecular pathway for the elimination of pre-malignant cells in
vivo. Pharmacologic agents that selectively enhance apoptosis have been shown to lower
the risk of a variety of cancers in animals and in humans. (107-108) In addition, in both
animal models of cancer as well as in humans, the efficacy of cancer preventive agents

has been shown to correlate with the degree of apoptosis induced. (22, 107, 109, 110)



Conversely, mutations in the genes involved in the apoptosis pathway have been shown

to be associated with enhanced cancer risk. (110)

In light of the known association between activation of TGF-p and apoptosis

molecular pathways and cancer prevention, the observation that progestins markedly

activate these pathways in the endometrium opens the door toward development of a

progestin-based strategy for the effective chemoprevention of endometrial cancer.

Moreover, given that progestins have similar chemopreventive biologic effects in both

the ovary and the endometrium, it is interesting to speculate that a potent progestin-based

strategy may effectively prevent both ovarian and uterine cancer, thereby decreasin g the

incidence and mortality from the two most common gynecologic malignancies.
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Figure 1. Representative sections from each of the treatment groups, immunostained for
activated caspase-3 and the TGF-f isoforms.
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Figure 2: Cleaved caspase-3 immunostaining expressed as a percentage of cells counted
in glandular and stromal compartments of the superficial and basal endometrium.
Asterisks indicate groups whose means differ from controls at p<0.05
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Figure 3. Ki67 immunostaining expressed as percent cells labeled. Asterisks indicate
groups whose means differ from controls at p<0.05



55 Superficial Glands - Superficial Stroma

o Do significant differences 2 4 no significant differences
£ ; e 1
s 1 Z15-
g § 1
054 o T 0.5-
O | I I I I 0 : | I | |
Cil CEE MPA CEE+MPA Ctl CEE MPA CEE+MPA
Basal Glands Basal Stroma
2.5+ 2.5
. 2_" no significant differences
p 27 B 7
3154 3 159
§ 14 §3 15
=i % . 0.5
0- | I : | | '{1:'-— 0- T | T T
Ctl CEE MPA CEE+MPA C CEE MPA CEE+MPA

Figure 4: TGF-B1 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at p<0.05. In
Basal Glands, immunostaining in the CEE and CEE+MPA groups was greater than
controls (p= 0.009 and 0.039, respectively).
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Figure 5: TGF-B2 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at p<0.05
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Figure 6: TGF-B3 immunostaining expressed as mean staining score in surface
epithelium and glandular and stromal compartments of the superficial and basal
endometrium. Asterisks indicate groups whose means differ from controls at p<0.05. In
Superficial Glands, immunostaining in the MPA group was significantly lower than both

control and CEE.



